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(∀w, x, y, z) (x ≺∗ y ∧ x C∗ w ∧ y C∗ z) → (w ≺∗ z)
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∀x, x ∈ N
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(∃z)(y C z ∧ (∀w)(y C w → z <∗ w) ∧ x est la t
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te de z)
Z?	6F\F	   	 $,90MG$
@ B
  C "$,	  B M  ! B
 l@.$> M
$>/+>g




 FM$, + 8 +$, "g$,	  Z ? M$, "g$,	 ;   BM B 8 \F
 F* 	  ? 8 D@DC 
 M
. y C∗ x F
 FM$, QM  $  $, *$, 	#"$+ 8 \F
ÂÂº
LMNOP




GIH'OJ² ' b  	"M
P
( P	;/  8  S
$ $
ε
Z / B ;	# $QM
$>*	0 	#"$" $+/  8  ;
-
 .5/ M
	 Z /* $+.$,	-

  " $ d /+ -
.J/ ) 
$P
(   0M$>J
	-^M
5$,5$, :g $,	/+" $,	
E
aM./  8  3
ε
F  B $>TZ  E
$>.	    8  3  B $,	 " $;0M$>+ d 
-^M
;!-  . IBM$,
!M$,-  / 8 >F
 M
$,*/+ $  Z P d .?/g$,	/  "$,	  B M  !  $,  YM0P8P d ?/ 8 D3  F
243 243 2 	­  'O±l¯\;¤­ 9 1H4;³ ^² '
z{Vc]/PnQ«/h^Y\PTPTVch/P£W\jFk/`TVcbdC)p&RoYZVXh Bj}QYgBjlWgCen  ]^h^CJR:RTCJ pVXBDBCRojlhHRWZCJk^Wg]/PkmCRTYZR
h^VOC]/nN
jNHjlhHRk<VX]^`R:RTC 
<=7,9,;¯>;³­09 U  B M   P !	6M
  	/ CI3  / 0MG$IC  C" $ {∀z ∈ N | la t 8 te de z est x} Z3OP. g
	 Z	  d C  B D3+ $*@(DP.     Z  C@






/ BM  TP  	6M7  	
/83  F
GIH'OJ² '   U  $   /  8 @+ $   
ε






/hB M  TP!	6M
9  	/8@+/  8    F
 *   8 *
 	 Z  B  M  TP!	6M
9  	/8@+/  8    /+ $  F
243 243 b 'JO±-; 7'H	
YB(TP 	 ?  $, n^)p`oYZRWgjk<VHPSYZRTYgVch n* ]^h h]/nDCRnQCePojR:RTCek/jl`WgjF`TC)WgjlRTYgVchnQC{k/`T>p)n^Ch/pC{[H]^Y/WgC)P
`oCWgYgCc
<=7,9,;¯>;³­09 K  0MG $  $, B(TP 	 ?  $, 3/ 8  C.	
 F  $, BM  TP  	6M7  	
/ Z
 F / B






GIH'OJ² '  d TB   / @ ? 	!	6M
Z/ $  BM  TP  	6M7  	
/3$,	 l 8 \F U  8  
3
ε
Z B  f3  Z  F   / $  B TP
T@ 	.
	  *   $  F   !
	 	-G	  Z5	
BTP
 3  M
$>/ ?  D
$ $  Z -M
QP   8BM 	!	6M
@  B(TP 	 ?  $, B(* B-BM
	  F
243 243   F­mJ²³O ' 9t¯
ªeCWgjB:BDCBjlh/YZA)`TC[H]^C  B(TP 	 ?  $, ¡Qh^Vc]<P]QRTYgWZY\PTVch/P
W\jh^VlRoYZVXhn^C  M B/   
<=7,9,;¯>;³­09 5 @+	 +.	;	/	 Z   PTM
B   3    8  C.	
 F  $, BM  TP  	6M7  	
/ Z
 F / B










GIH'OJ² '    /  8 E	  Z. d  B E/D36?	!	6M
Z /E $   $,,B  M  TP!	6M
   	 l

 \F A@ 	# DBM$, B
   3 8 ;/ $  F  IB $>  BTP	T3  -M
QP/$
  8BM 	 	6MN3OPTM B/ B(  B-BM 	 /  8    F
GIH'OJ² '   M
$,?  	 d   C  _3 B-BM#  /8PTM
.!	!$








	 " $R   R*/  $,  BTP	 ? $,N@9/  8    RiM
$,  
QP.    	  R
 $    R  8M	 	 $,jPTM
B /   @eP.  5 8 \F 
  R /
 
  R iM$,   0P.  
  R,
$    R
 8M	 
 . / B M   P !	6M
9  	
 O3+  8    R iM$,   0P. 







<=7,9,;¯>;³­09 5 5 U d $, 	6M
*@  (  8 / @ !	#hB M
!	#" $  !	#"$ PTM
.!	!$ $,
 (  8 / =  B  
 /* 	#*QM
l  C
    	#" $ F
<=7,9,;¯>;³­09 512VU  !
	 TC
    	#"$ g M
 J$,    _3fP  ) M
	#TZE0M  '£jlR 
	-G	 
 7" $
!  M$> l   /eR 
  Z   /TP $,. Z 




<=7,9,;¯>;³­09 5 b 
   /iM$>Tl  (  8 /8@!	#  B   
/SP.




$,*$,7-  i. Z ABM$,*$, QM
OZQB BM
$, $, B  BM 	!	6M
ZBM
$, $,W@    l
;	  Z P*/!
	YPTP. B  d $,B >
 Z4BM$,*$,7  3   B  F
<=7,9,;¯>;³­09 5   U *   P $,.iM
  / !
	 +"$,	   B 	  $,O3
Q@B
  BYBM
 	 $, 
  B .	6M
SBM .  3
  $,jP 
	  




'O !	^] '   
? d  (  8 /@ /TP   $,.TZ 	   	,BM




  /g M
QP!	6M
7    B	6P	. B $>*aM	0F
<=7,9,;¯>;³­09 5  U   .	 ) 
$,. M   
	 " $,	 
..	 )   E$, IBM B	# 	 P 
	   l
B	6M( "$,	 iM
 ,@($,  P.  	 E /
!	6M
   / 	6M  B(TP 	 ?  $, l 8  "B(? BYBM
 	eP. /E" $,	
 :BM
  F  	 $,  B .	6M
DBM J J 	 P.
 Z /+B  8   	; .	 )   E$,fP
 0M
;	  	 g Z
-PTP$> 
!	 g Z MY 	#"$ 	+$,*
$,!  B.	6M
Z " $,	 -G	# 0

	 M>PTP$>B5$,  B  YP.e@5 BTP	 ? $, B(
 BYBM





A>y    	5  

¨Wv³jc]/nQ`qjjc]/PoPSYa[H]^CDW2 COk/`TC>PTPTYZVXh`oC)pC|}jlhHRWZCRo`ojcY¢RFjXPTPTYZfXh^DPSVXY¢Rjlk/k^`TVXk^`oYZ)Cc¡tjl]QRo`TC)BC)hHRn^Y¢R






<=7,9,;¯>;³­09 5  U + .	 ) TZ MTBYBM  O@ 
..	 )    $,.TZ iM
 /* 	#*QM
hl g F
<=7,9,;¯>;³­09 5  K  !.*/  	6P.
/;@ ?  	PTM
; $, ."$ 0P.DMYMSR
  U    OK  




B M   	#" $\F
+/Ig M
*  !	#"$>F
     d   /S@ !
	 5 C
    	#" $ 3S.
>F





= {−x|x ∈ FUN}
ASSIGNATEUR = {+x, +X |x ∈ FUN}
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fusion(t1[= c], t2[c]) = [< t1, t2]si t1 ∈ Lex
F
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fusion(t1[= C], t2[c]) = [< t1(phon(t1)&phon(t2)), t2(phon(ε))].
fusion(t1[C =], t2[c]) = [< t1(phon(t2)&phon(t1)), t2(phon(ε))].
 	0M R
fusion(t1[= C], t2[c]) = [< t2(phon(ε)), t1(phon(t1)&phon(t2))].
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@R Γ ` x : A/B ∆ ` y : B
[/e]





R ∆ ` y : B Γ ` x : B\A
[\e]





R Γ ` α : A × B ∆, x : A, y : B, ∆′ ` γ : C
[×e]
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un : (e → t) → (∅ × e)
tout : (e → t) → (∅ × e)
num

ro : e → t
tudiant : e → t
correspond  	 : e → e → t
ÂÂº
LMNOP
~cx    	5  

























	#-/;    $>iP $,/* B     @B T 	6P#iF
P : (e → t)
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λxλy.
 [g M
B M   	#" $ WC  [Z @+ C BSR (e → e → t)
 $,_3;	   $, " $
  	 ? P.
$, "$,	 
. M>P 	#I3$  B 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#,BM
$, YM $,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 	\F   0M 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λPλQ.
"$!	 ? P.
$,  F     / 	6M  [Z @  C B (e → t) →
(e → t) → t
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un : λPλQ.∃z(Pz) ∧ (Qz)
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(e → t) → ((e → t) → t, e) e → tk^`oVlbdC>p&RoYZVXhn  ]^h6WgBDC)hXRnQCRdNOkmC
×

<=7,9,;¯>;³­09cb 2    E  Z
×
.?$,WPTM$>B / Z QM
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 ?  	. M(O3$  B M  TP!	6M
 BM$, TP $>B( 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P
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DP M BM   e $ PTM
$>B  \F
π1(x1 × x2) = x1






]/h RdNOkmCPTYgBYgW\jlYg`TCJChHRT`oCPSNOhHRojlOCJCRPTBjlhHRoYg[H]^CX ¥ ]h/YZ|XC)jl]nQCWgjDPTNOhXRqj}QCc¡OYgWgPPTVchHR
`TC)k^`o)PTChHRT>P
k<jl`]^hpVc]^k/WZCX¡pC[H]^Yh* C)PSRFk/jcPFWZCpjcPk<VX]^`W2 Ygh/PSRojlhHR>zVX]/P`qjlk/k<C)WZVXh/PWgCRdNOk<C n* ]^hfX`TVX]^kmC
h/VcBDYZh<jlW 
((e → t) → t, e)
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un ` λP (λQ.∃z(P z) ∧ (Q z), u) (e → t) → ((e → t) → t, e)





ro n) e → t
tudiant ` λn.(

tudiant n) e → t
correspond  	 ` λxλy.(correspond  	 y x) e → e → t
inf ` λP.pr

sent(P ) t → t
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Γ ` x : A/B (F ) ∆ ` y : B (y)
[/e]
Γ, ∆ ` xy : A (F (y))
∆ ` y : B (y) Γ ` x : B\A (F )
[\e]
∆, Γ ` xy : A (F (y))
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` λuλv.(correspond  	 v u) x ` x
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` λuλv.(correspond  	 v u) x ` x
¥ YZh<PSY2¡<h/Vc]/PJj|cVXh/PpVXBDBC)h/pFWgjpVch<PdRo`T]/pRTYgVchnQCWgj`TC)k^`T>PSC)hHRoj}RoYZVXhPS)BDjchHRTY\[X]/Cct*CFk/`TVXU^WZA)BDC








































































(e → t) → tPTVch  C B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 Z  M	"R e ` e → t
e, e ` t
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J!Y $,	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(e → t) → t e ` e → t







e e ` e → t
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` λP (λQ.∀x(P x) → (Q x), u) ` λx.(etud x)
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` λQ.∀x(etud x) → (Q x) y ` λu.(correspond 
	
y u)
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\F
∆ ` α × β (F, u) Γ[αi(z), βi(x)] ` γ(F
′)
[×]
Γ[∆] ` γ(let (z, x) = (F, u) in F ′)
 
γ
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λQ.∀x(etud x) → (Q x) y ` λu.(correspond 
	
y u)






















` λuλv.(correspond  	 v u) x ` x
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` (λPλQ.∃z(P z) ∧ (Q z), u) ` λy.(numeroy)



































(numero z) ∧ (Q z)
` λy. pres(∀x(etud x) → (correspond 

y x))
y ` pres(∀x(etud x) → (correspond 

y x))jFnQC)`Th^YgA`oCRojlkmC{kmVc]/`WgC PTM
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(P z) ∧ (Q z), u)
` λy.
(numero y)
` λy.pres(∀x(etud x) → (correspond 

y x))








































(numero z) ∧ (Q z), u)
` λz.
(etud z)
y ` λu.(correspond 

y u)
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` (e → t) → t
e ` e → t

















` e → e → t
d1
e ` e $,	 BM






















































` (e → t) → t
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` t → t
e ` t
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hHR.F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]^`
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kmVXPTYZRTYgVchn  Vc`oYZfXYZh/CFnQ]PT]}bdCRC)PSRen^jch/PeWgjPSRT`o]/pRT]^`oCFk^`oVlVXh/nQCFn^]|cC)`TUmCc¡mnQVch/pRTVX]QRJpCF[H]^YkmVc`TRTC
PT]^`WgC|XC`oU<CX¡akmVc`TRTCjc]/PTPTYePT]^`WZCPT]}bdCR)*CnQ)k^W\jcpC)BDChHRpVXh/PTC`o|cC6fHjlWgCBDChHRpCRSRoCkmVXPTY¢RoYZVXh
n* VX`TYgfcYgh^Cc¡HnQVch<ppl C)PSRW\jB:BDCepq@/VXPTCk<VX]^`W2 VcUQbdCR)Oªejch/PaRoVc]/PWZC>Pp)jcP)¡cW2 Ygh,H/CQYZVXhk<VX`SRoC{PT]^`aRoVc]/P
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` pres(∃z(numero z) ∧ ∀x(etud x) → (correspond 

z x))
` pres(∀x(etud x) → ∃z(numero z) ∧ (correspond 

z x))
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` quel z pres(lit P ierre z)z{Vc]/Pk/`T>PSC)hXRoVch/PpY¢¨nQC)PoPTVc]/P£W2 jc`TU^`oCnQCnQ`oYg|jlRTYgVch6[H]^Y*h^VX]/P
nQVch/h^CpC`o)PT]^W¢Rqj}R 















` λP quel x(P x) ` λx.pres(lit P ierre x)















` π1(λP.(P Pierre), u) x ` λy.pres(lit y x)









` λP.pres(P ) x, y ` (lire y u)
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